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Receiving a first signal that represents a first digital 
Value to be stored in a multi-level Cell 600 

Receiving a first signal that indicates the first digital 601 
value is to be written as an approximate value 

Providing at least one programming pulse to the 
multi-level cell until a first sensed analog value from 602 
the multi-level cell is within a first range of values 

Receiving a second signal that represents a second 603 
digital value to be stored in a multi-level cell 

Receiving a second signal that indicates the second 604 digital value is to be written as an approximate value 

Providing at least one programming pulse to the 
multi-level cell until a second sensed analog value 605 
from the multi-level cell is within a second range of 
values. The first range of values is wider than the 

SeCond range of values FIG. 6A 

Providing a signal representing a digital data value and a 
signal that indicates whether the digital data value is to 610 
be stored as an approximate value from a controller 

Receiving at an interface of a multi-level cell memory 
the signals 611 

Providing a first plurality of predetermined values to a 
multi-level cell so a first analog value is stored in the 
multi-level cell that is in a first range of analog values 612 

that represents the digital value when the signal 
indicates the data value is to be Stored as an 

approximate value 

Providing a second plurality of predetermined values 
to a multi-level cell so a second analog value is 

stored in the multi-level cell that is in a second range 
of analog values that represents the digital value 
when the signal indicates the data value is to be 

stored as a precise value. The first range of analog 
values is wider than the second range of values. 

613 

FIG. 6B 
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Outputting control information to read the precise 
value at a first multi-level cell in an array of multi 

level Cells 

Receiving a first digital value corresponding to the 
precise value from the first multi-level cell, wherein the 

first digital value was obtained by determining 
whether an analog value from the first multi-level cell 

was between a first range of analog values 

Outputting control information to read the 
approximate value at the first multi-level cell in the 

array of multi-level cells 

Receiving a second digital value Corresponding to the 
approximate value from the first multi-level cell, 
wherein the second digital value was obtained by 

determining whether an analog value from the second 
multi-level cell was between a second range of analog 

values that is wider than the first range of analog 
values 

FIG. 6C 
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APPROXMLATE MULTI-LEVEL CELL 
MEMORY OPERATIONS 

BACKGROUND 

A multi-level cell (MLC) is a memory element capable of 
storing more than a single bit of information. MLC memories, 
such as MLC Flash and MLC Phase Change Memory (PCM), 
are typically read and written in an iterative manner. PCM is 
also known as PCME, PRAM, PCRAM, Ovonic Unified 
Memory, Chalcogenide RAM and C-RAM. A programming 
step is typically followed by a verify step that verifies the 
intended value is stored at a particular address. 

For example, MLC NAND Flash memory is a MLC Flash 
technology using multiple levels per cell to allow a plurality 
of bits to be stored using the same number of transistors. A 
typical MLC NAND Flash memory has four possible states or 
values per cell, so the cell can store two bits of information. 
MLC PCM memory is a type of non-volatile memory that 

uses a semiconductor alloy having two states, crystalline and 
amorphous. The amount of material in each state changes the 
resistance of the MLC PCM memory cell. MLC PCM 
memory stores each binary bit using the various electrical 
resistances of the semiconductor alloy to program the various 
cell values. The phase, and thus resistance value, for each bit 
Vale is controlled by applying a Voltage to an address So that 
current may change the phase and represented value. 

SUMMARY 

The present technology relaxes the precision (or full data 
correctness-guarantees) requirements in memory operations, 
Such as writing or reading, of MLC memories so that an 
application may write and read a digital data value as an 
approximate value. Types of MLC memories include Flash 
MLC and MLC Phase Change Memory (PCM) as well as 
other resistive technologies. Many Software applications may 
not need the accuracy or precision typically used to store and 
read data values. For example, an application may render an 
image on a relatively low color range display and may not 
need an accurate data value for each pixel. Other types of data 
that may tolerate errors include audio data, video data, 
machine learning data and/or sensor data. By relaxing the 
precision or correctness requirements of a memory operation, 
MLC memories may have increased performance (reduced 
latency), lifetime (increased number or writes or reads before 
failure), density, and/or energy efficiency in embodiments. 

Typically, each digital value in a MLC memory cell is 
identified by determining whether a sensed analog signal 
from the MLC cell falls within a range of analog values 
(voltage or charge in Flash MLC and resistance in PCM). 
When a write circuit attempts to store a digital data value in a 
MLC memory cell, the write circuit attempts to store an 
analog value that is very close to a middle point of a range of 
analog values that will correspond to the digital data value or 
within a target range of analog values. Similarly, when a read 
circuit attempts to read a digital data value in a MLC memory 
cell, the read circuit attempts to read an analog value that is 
very close to the middle point of the a range of analog values 
that will correspond to the digital data value or within a target 
range of analog values. 
When writing (or reading) a digital value as an approxi 

mate value to a MLC memory, the target range of analog 
values for a MLC memory is increased such that the written 
analog value may fall in a range of likely values for the MLC 
memory as well as a range of likely values for an adjacent 
MLC memory that may lead to a erroneously written value. 
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2 
In an embodiment, a precision requirement is relaxed by 

reducing the number of iterations used in writing to or reading 
from a MLC memory. Write operations are made faster by 
increasing an amount by which the value of a cell in the MLC 
memory is changed on each write iteration. An amount of 
energy, or a predetermined analog value. Such as a predeter 
mined amount of Voltage or current, used to write a digital 
value in a MLC memory during an iteration may be increased. 
The increased predetermined analog value may be an 
increased programming pulse having a large value and/or 
duration. The increased predetermined analog write value 
reduces the number of iterations needed before a signal rep 
resenting the digital data value is sensed between a target 
range of values. The signal representing the digital data value 
may reach the target range of values with less iteration, but 
less iteration may also increase the probability of error. 
Energy and wear on the MLC memory may be reduced by 
widening the range of the predetermined analog value used in 
writing to a MLC memory. 

In another embodiment, a signal representing the digital 
value is not sensed after programming and predetermined 
numbers of programming pulses are applied without any 
sensing or verification step. 

In another embodiment, a write operation to a MLC 
memory is made faster and with lower energy requirements 
by reducing the number of iterations in the write operation 
Such that an analog signal that is used to write operation is in 
the outer distribution of likely analog value used to store the 
digital value. In other words, a larger target range of likely 
analog values is used and an analog value (or threshold value) 
at the beginning of the target range is used as compared to 
writing a data value as a precision value. Wear on the MLC 
memory may be reduced in this embodiment. 

In another embodiment, a read operation consumes less 
energy by completing enough iteration to determine a rough 
vicinity of the analog value being read. Similar to a write 
operation, a larger target range of likely analog values is used 
and analog values at the beginning of the larger target range is 
used to identify that the read analog value corresponds to a 
particular digital value. Memory latency may be improved 
and wear may be improved when a read operation affects 
wear. Where read operations to one cell may disturb the value 
of other nearby cells, fewer read iterations may also reduce 
the probability of disturbing the values of nearby cells in an 
embodiment. 

In another embodiment, a probabilistic determination fol 
lowing a pre-profiled distribution is made on a read analog 
signal that may represent one of two values with predeter 
mined distributions. In an embodiment, a particular digital 
value is provided according to the relative density of each 
probability distribution. 
A method embodiment stores an approximate value in a 

multi-level memory cell. A first signal is received that repre 
sents a first digital value to be stored in the multi-level cell. A 
first signal is also received that indicates the first digital value 
is to be written as the approximate value in the multi-level 
cell. At least one programming pulse is provided to the multi 
level cell until a first sensed analog value from the multi-level 
cell is within a first range of values. A second signal is 
received that represents a second digital value to be stored in 
the multi-level cell. A second signal is received that indicates 
the second digital value is to be written as a precise value in 
the multi-level cell. At least one programming pulse is pro 
vided to the multi-level cell until a second sensed analog 
value from the multi-level cell is within a second range of 
values. The first range of values is wider than a second range 
of values. 
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An apparatus embodiment includes at least one controller 
to provide a signal representing a digital data value and a 
signal that indicates whether the digital data value is to be 
stored as an approximate value to at least one multi-level cell 
memory. The multi-level cell memory includes an interface to 
receive the signal representing the digital data value and the 
signal that indicates whether the digital data value is to be 
stored as the approximate value. A write circuit provides a 
first plurality of predetermined values to the multi-level cell 
so a first analog value is stored in the multi-level cell that is in 
a first range of analog values that represents the digital data 
value when the signal indicates the data value is to be stored 
as the approximate value. The write circuit provides a second 
plurality of predetermined values to the multi-level cell so a 
second analog value is stored in the multi-level cell that 
represents the digital data value that is in a second range of 
analog values when the signal indicates the data is to not be 
stored as the approximate value. The first range of analog 
values is wider than the second range of analog values. 

In another embodiment, at least one processor readable 
memory has processor readable instructions encoded 
thereon. The instructions when executed by the at least one 
processor performs a method to read an approximate value 
and a precise value in an array of multi-level memory cells. 
The method includes outputting control information to read 
the precise value at a first multi-level cell in the array of 
multi-level cells. A first digital value corresponding to the 
precise value is received from the first multi-level cell. The 
first digital value was obtained by determining whether an 
analog value from the first multi-level cell was between a first 
range of analog values. Control information to read the 
approximate value from the first multi-level cell in the array 
of multi-level cells is also outputted. A second digital value 
corresponding to the approximate value is received. The sec 
ond digital value was obtained by determining whether an 
analog signal from the first multi-level cell was between a 
second range of analog values. The second range of analog 
values is wider than the first range of analog values. 

This Summary is provided to introduce a selection of con 
cepts in a simplified form that are further described below in 
the Detailed Description. This Summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed Subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a high-level block diagram of a computing device 
providing approximate memory operations to a MLC 
memory. 

FIG. 2 illustrates a high-level block diagram of a MLC 
memory that performs approximate and precise memory 
operations. 

FIG. 3 illustrates a MLC memory having data stored as 
precise data and data stored as approximate data. 

FIGS. 4A-4B illustrates probabilities and target ranges of 
analog values associated with storing and reading data as 
precise data and approximate data. 

FIGS. 5A-C conceptually illustrate writing or reading a 
data value stored as approximate data and precise data. 

FIGS. 6A-C are flow charts for writing and reading values 
stored as approximate data and precise data. 

FIG. 7 is an isometric view of an exemplary gaming and 
media system. 

FIG. 8 is an exemplary functional block diagram of com 
ponents of the gaming and media system. 
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4 
FIG. 9 illustrates is a block diagram of one embodiment of 

a network accessible computing device. 

DETAILED DESCRIPTION 

The present technology relaxes the precision requirements 
in memory operations, such as writing or reading, of multi 
level cell (MLC) memory so that an application may store and 
read a digital data value as an approximate value. The number 
of iterations used to write or read from a MLC memory is 
reduced by expanding the target range of corresponding ana 
log values that may introduce errors. The amount by which a 
value of a MLC memory is changed during a write iteration 
may also be increased which may also reduce the number of 
write iterations. A probabilistic determination may also be 
made on a read analog signal that may represent one of a set 
of values. By relaxing the precision or full data-correctness 
guarantees of a memory operation, MLC memories may have 
increased performance, lifetime, density, and/or energy effi 
ciency. 
Memory operations, such as writing or reading, typically 

require full data-correctness-guarantees (e.g., precision). 
Memory operations with full data-correctness-guarantees 
refer to completing a memory operation Such that all, or 
substantially all, bits of the data are correctly written or read. 
However, having memory operations with full data-correct 
ness-guarantees, on a full-time basis, is often not practical for 
many computing devices. Hardware (e.g., a memory having 
multi-level cells) typically provides strong guarantees for 
error correction. Software typically relies on the memory 
device to maintain full data error-correction guarantees. Such 
reliance on a memory is demanding on the associated 
memory circuits and software. The demand may lead to 
memory that operate more slowly and consumes more energy. 
Perhaps worse, the memory may also experience shorter life 
spans. For example, precise MLC Flash memory operations 
may cause quicker wear out due to the need for a larger 
number of write iterations. 

Full data-correctness-guarantees (e.g., precision memory 
operations with an effort to maintain the precision of all bits 
of data), which are often required by memory, are not always 
needed for software applications. Some software applications 
can tolerate errors in Some of their data structures, such as, for 
example, picture data, audio data, video data, sensor data 
and/or most other data that a user decides to store. A comput 
ing device can process these types of data by storing the 
digital data as an approximate value and, at the same time, 
maintain virtually no perceptible difference in a user experi 
ence during the processing of the data. Alternatively, appli 
cations may need to store data precisely (having full data 
correctness-guarantees) when an error in the data would not 
be desired. A computing device can process these types of 
data by storing and reading digital data as a precise value 
having full data-correctness guarantees during memory 
operations. 

FIG. 1 is a high-level block diagram of a computing device 
100 that writes and reads a digital value as an approximate 
value to and from a MLC memory 101. In an alternate 
embodiment, computing device 100 also writes and reads a 
digital data as a precise value to and from a MLC memory 
101. In an embodiment, computing device 100 includes pro 
cessor 102, controller 103, memory 105 and MLC memory 
101 that communicate by way of signal path 104 in an 
embodiment. Application 107 and operating system 106 is 
stored in memory 105. In an alternate embodiment, applica 
tion 107 and operating system 106 may be stored in MLC 
memory 101. In an alternate embodiment, the function of 
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controller 103, along with approximate memory operations 
103a, may be performed by processor 102. 

In an embodiment, computing device 100 is included in a 
Video game console and/or media console and illustrated in 
FIGS. 7 and 8. In alternate embodiments, computing device 
100 may be included in at least a cell phone, mobile device, 
embedded system, media console, laptop computer, desktop 
computer, server and/or datacenter. In embodiments, comput 
ing device 100 corresponds to computing device 1800 having 
particular hardware components illustrated in FIG. 9 and as 
described herein. 

In embodiments, computing device 100 is coupled to at 
least one network. In an embodiment, a network may be the 
Internet, a Wide Area Network (WAN) or a Local Area Net 
work (LAN), singly or in combination. A network may trans 
fer signals by wire or wirelessly, singly or in combination. 

Processor 102 may also include a controller, central pro 
cessing unit (CPU), GPU, digital signal processor (DSP) 
and/or a field programmable gate array (FPGA). 

In embodiments, signal path 104 (as well as other signal 
paths described herein) are media that transfers a signal. Such 
as an interconnect, conducting element, contact, pin, region 
in a semiconductor Substrate, wire, metal trace? signal line, or 
photoelectric conductor, singly or in combination. In an 
embodiment, multiple signal paths may replace a single sig 
nal path illustrated in the figures and a single signal path may 
replace multiple signal paths illustrated in the figures. In 
embodiments, a signal path may include a bus and/or point 
to-point connection. In an embodiment, a signal path includes 
control and data signal lines to carry control and data infor 
mation as well as timing information. In an alternate embodi 
ment, a signal path includes data signal lines or control signal 
lines. In still other embodiments, signal paths are unidirec 
tional (signals that travel in one direction) or bidirectional 
(signals that travel in two directions) or combinations of both 
unidirectional signal lines and bidirectional signal lines. 

In embodiments, processor 102 includes at least one pro 
cessor that executes (or reads) processor (or machine) read 
able instructions, such an operating system 106 and/or appli 
cation 107. In an embodiment, operating system 106 and 
application 107 may include one or more software compo 
nentS. 

In an embodiment, a software component may include 
processor/machine readable instructions when executed by 
one or more processors perform one or more functions. In an 
embodiment, a software component may include a software 
program, Software object, Software function, Software Sub 
routine, Software method, Software instance, Script or a code 
fragment, singly or in combination. 

In an embodiment, an application uses the services of an 
operating system 106 and/or other Supporting applications. 
For example, operating system 106 may include an allocator 
that is a software component that allocates and de-allocates 
portions of memory, such as MLC memory 101, to be used by 
application 107. In an embodiment, operating system 106 
keeps track of which portions, or blocks of data, of MLC 
memory 101 include data stored as precise values and which 
include data stored as approximate values, as illustrated in 
FIG. 3. 

In an embodiment, application 107 identifies which types 
of data are written and read as approximate data and which 
types of data are written and read as precise data. Application 
107 may include language features (such as defined approxi 
mate variable structures), analyses, or program logics to iden 
tify and process approximate data values as well as precise 
data values in embodiments. 
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Controller 103 includes approximate memory operations 

103a that is a software component that is executed by con 
troller 103 in an embodiment. In an alternate embodiment, 
controller 103 outputs signals in response to processor 102 
executing approximate memory operations 103a Stored in 
memory 105. Signals are output from controller 103 in 
response to messages from processor 102 executing approxi 
mate memory operations 103a. Controller 103 outputs a sig 
nal that represents a digital data value to be stored as an 
approximate value and receives a signal that represents digital 
data stored as an approximate value. The received digital data 
stored as an approximate value represents an analog signal 
received from a MLC memory cell, of MLC memory 101 that 
was written as an approximate value in an embodiment. In an 
embodiment, controller 103 also outputs a signal that repre 
sents a digital data value to be stored as a precise value and 
receives a signal that represents a digital data value that has be 
written and read using full data-correctness-guarantees in an 
embodiment. 

In an embodiment, controller executes approximate 
memory operations 103a in response to processor executing 
application 107 and/or operating system 106. 

In an embodiment, controller 103 outputs and receives data 
as approximate values and data as precise values in a block (or 
page of data), such as a 512-bit block. FIG.3 illustrates digital 
data stored as approximate values in approximate block 300a 
and digital data stored as precise values in precise block 300b 
of multi-cell array 300 in MLC memory 101. 

In an embodiment, each block of memory in multi-cell 
array 300 includes either precise data values (precise block 
300b) or approximate data values (approximate block 300a). 
In alternate embodiments, a first MLC memory array would 
store data as approximate values and a different MLC 
memory array would store data as precise values. 

In an embodiment, a predetermined number of data values 
(or bits) (for example, in a “row') are simultaneously written 
in parallel as precise values. Alternatively, a predetermined 
number of data values are simultaneously written as approxi 
mate values. A row of memory cells (or other portion of MLC 
memory, such as bank) in a MLC memory may store either 
data values as precise values or approximate values. 

In another embodiment, data values may be written into a 
portion of MLC memory (such as a row) simultaneously that 
includes data values stored as both precise and approximate 
values. 

Each read and write request from controller 103 to MLC 
memory 101 specifies whether an access is approximate or 
precise in an embodiment. Controller 103 outputs flag infor 
mation in control information of a write or read request that 
identifies whether a particular memory operation involves 
approximate data or precise data in an embodiment. The use 
of flag information allows MLC memory 101 to avoid the 
overhead of storing per-block metadata. 

Alternatively, operating system 106 is responsible for 
keeping track of which memory locations or addresses in 
MLC memory array 300 hold data as approximate blocks and 
precise blocks. In an embodiment, an allocator of operating 
system 106 keeps track of the memory locations. Application 
107 and/or operating system 106 may also convey the relative 
importance of bits within a block, enabling more significant 
bits to be stored with higher accuracy. 
To specify the relative priority of bits within a block of 

memory, a memory operation request from controller 103 can 
also include a data element size. Such as a size of data element 
310a or data element 320a illustrated in FIG.3. In an embodi 
ment, a block of memory stores a homogenous array of values 
of this size in each data element with the highest-order bits 
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being most important. For example, when application 107. 
via operating system 107 and controller 103, stores an array 
of double-precision floating point numbers in a block of 
memory, application 107 can specify a data element size of 8 
bytes. MLC memory 101 will prioritize the precision of each 
numbers sign bit and exponent over its mantissa in decreas 
ing bit order. Bit priority helps MLC memory 101 and or 
controller 103 where to expend error protection resources to 
minimize the magnitude of errors when they occur. 

In an embodiment, controller 103 also includes an error 
correction software component to correct errors. In an 
embodiment, one or more software components and/or cir 
cuits in controller 103 may be included in MLC memory 101. 
Alternatively, one or more software components and/or cir 
cuits in MLC memory 101 may be included in controller 103 
in embodiments. 

FIGS. 4A-4B illustrate probabilities and target ranges of 
analog values associated with storing data as precise values 
and approximate values. MLC memories store an analog 
value, a Voltage value or resistance value, and quantize the 
analog value to provide a digital value that represents the 
measured analog value. In MLC Flash memory, the Voltage 
value is the floating-gate transistor's stored charge, measured 
via its threshold voltage value. In MLC PCM memory a 
resistance is measured by applying a threshold Voltage value 
that injects a current into the MLC memory. 

Writes and reads to an analog Substrate are typically impre 
cise. A write programming pulse, rather than adjusting the 
resistance or Voltage by a precise amount, changes the MLC 
memory randomly according to a probability distribution, 
such a probability distribution 440. In an embodiment, prob 
ability distribution 440 is a normal or Gaussian distribution of 
possible analog values associated with cell values 00, 01, 10 
and 11. In alternate embodiments, other types of probability 
distributions may be used. During reads, material non-deter 
minism causes the recovered analog value to differ slightly 
from the analog value originally stored and, over time, the 
stored analog value can change due to drift. MLC memories 
that store data as a precise value are typically designed to 
minimize the likelihood that write imprecision, read noise, or 
drift cause storage errors in the digital domain. That is, given 
any digital value, a write followed by a read recovers the same 
digital value with very high probability. So as illustrated by 
FIGS. 4A-B, target ranges 400-403 that are used in storing 
data as precise values are much smaller that target ranges 
420-423 used to store data as an approximate value. MLC 
memories that store data as approximate values would gen 
erally rather increase density or performance at the cost of 
occasional digital-domain storage errors. 
MLC memories that store data as precise values incorpo 

rate guard bands, such as guardband 430, that account for this 
imprecision and attempt to prevent storage errors. These 
guard bands lead to tighter tolerances on target values, which 
in turn may limit write performance. Storing data as approxi 
mate values in MLC memories reduce or eliminate guard 
bands to improve write time at the cost of occasional errors. 

FIG. 4B illustrates the target ranges of analog values (target 
range) 420-423 for an MLC memory that stores data as 
approximate values for four different cell values. As can be 
seen, target ranges 420-423 used to store data as approximate 
values as compared to target ranges 400-403 used to store data 
as precise values are substantially larger. Similarly, guard 
band 431 is substantially smaller than guard band 430. The 
target ranges for data stored as approximate values are so 
large, in an embodiment that a measured Voltage V may 
correspond to either a cell value 00 or 01. In comparison, 
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8 
guard band 430 does not allow for this duplicity to occur 
when storing data as precise values. 

FIG. 2 illustrates a high-level block diagram of a MLC 
memory 101 according to an embodiment. Data, timing and/ 
or control information is transferred to MLC memory 101 
from controller 103 on signal path 104 in embodiments. Sig 
nal path 104 may include multiple signal paths to carry mul 
tiple bits of information in parallel and/or serially. Signal path 
104 may also provide timing or clock information to and from 
MLC memory 101. Timing or clock information may syn 
chronize the reception and/or transfer of data from and to 
MLC memory 101. 
The control information received by MLC memory 101 

may include at least one command indicating a particular 
memory operation, address information and flag information 
indicating whether associated data to be accessed is approxi 
mate data or precise data in embodiments. 

In an embodiment, the control information is provided in 
the form of a command packet that includes a command value 
or code representing a memory operation to perform and 
associated address information of MLC memory array202. In 
an embodiment, a command packet also includes flag infor 
mation that identifies whether the memory block accessed 
stores data as precise or approximate values. In an embodi 
ment, control information is provided in Successive fields or 
multi-bit positions in the command packet. In an embodi 
ment, at least one processor executes application 107 that 
causes a command packet to be output from controller 103 to 
MLC memory 101. In alternate embodiments, command 
packets are not used and a bused and/or dedicated control 
signals are used. 

Interface 200 is configured to receive and output signals 
representing control information, data stored as approximate 
and/or precise values, and/or timing information on signal 
path 104. In an embodiment, interface 200 includes metal 
contact or wire. In an embodiment, signals are transferred 
from interface 200 to write circuit 205 by way of signal path 
208. 

In an embodiment, write circuit 205 includes write control 
circuit 205a, approximate write circuit 205b, and precise 
write circuit 205c. In an embodiment, write control circuit 
205a includes registers to receive control information or con 
trol signals, data and timing information in embodiments. 
Write control circuit 205a(as well as read control circuit 206a 
in embodiments) may include a phase lock loop (PLL) or 
delay lock loop (DLL) to time the reception and transfer of 
data and control information as well as time MLC memory 
101 circuits. In embodiments, write control circuit 205a and 
read control circuit 206a includes serial-to-parallel converter 
circuits and/or parallel-to-serial converter circuits in embodi 
mentS. 

Approximate write circuit 205b is responsible to store data 
as an approximate value in an embodiment. Approximate 
write circuit 205b stores an analog value at a particular 
address in MLC memory array 202 by providing an amount of 
energy iteratively via signal path 218 to iteratively change a 
state of an addressed cell. In an embodiment, the amount of 
energy used to program an approximate value is increased in 
approximate write circuit 205b as compared to an amount of 
energy used to program a cell by precise write circuit 205cso 
that less programming iterations are used as illustrated by 
FIG.SB. In an alternate embodiment, less write iterations are 
used because a larger target range, such as approximate target 
range 420, is used as illustrated by FIG. 5C. 

In particular, approximate write circuit 205b provides a 
programming pulse (P1, P2 in FIG.5B or P1, P2, P3.P4 in FIG. 
5C) and then verifies or senses an analog value stored at a cell 



US 8,861,270 B2 

of MCL array 202 after each iterative programming pulse is 
applied. The programming and verifying (measuring or sens 
ing) is repeated over a plurality of iterative steps until the 
analog value stored at the address of the MLC memory is 
greater than or equal to a threshold 210, such as threshold 
Voltage 520a. A programming pulse may have a predeter 
mined Voltage and duration. For example, programming 
pulse P2 has an amplitude V, and duration 530 as seen in FIG. 
5B or a shorter duration, such as duration 510 for program 
ming pulse P2. 
The number of programming iterations (or pulses) used by 

approximate write circuit 205b is less than is used in precise 
write circuit 205c in embodiments as described herein. For 
example by comparison, FIG. 5A illustrates providing a plu 
rality of predetermined values in writing a cell value that is 
stored as a precise value. In particular, a plurality of program 
ming pulses P1-P5, each having a particular analog amplitude 
V (voltage) and duration 510 is iteratively applied and veri 
fied (measured or sensed) until the sensed cell value has an 
analog value that falls within a precise target range 500 of 
analog values. Distribution 501 illustrates a normal or Gaus 
sian distribution of analog values corresponding to a particu 
lar digital value similar to distribution 440 shown in FIGS. 
4A-B. Precise target range 500 is selected such there is high 
probability that the programming will result in a data value 
stored correctly. In an embodiment, threshold value 500a at 
an end of precise target range 500 is used to compare to a 
sensed cell analog value and determine that the cell value has 
been stored correctly. Because precise target range 500 is 
Smaller than approximate target range 520 (or not as wide) for 
a particular cell value, threshold values associated with writ 
ing values as precise values are less than threshold values 
used to write data as an approximate value. 

In an embodiment, approximate write circuit 205b stores a 
block of data in MLC memory array 202, such as approximate 
blocks 203a and 203b, via signal path 218. As described 
herein, approximate write circuit 205b uses at least one 
threshold 210, such as a threshold voltage value or threshold 
resistance value, to store data as an approximate value in a 
MLC memory. In an embodiment, multiple thresholds (cor 
responding to different target ranges of analog values) are 
used for different cell values at different levels of a MLC 
memory in MLC memory array 202. 

Precise write circuit 205c is responsible to store data as 
precise values in an embodiment. Precise write circuit 205c 
stores a value at a particular address in MLC memory array 
202 by providing programming pulses iteratively via signal 
path 218 illustrated by FIG. 5A. In particular, precise write 
circuit 205c provides a programming pulse and then Verifies 
(or senses) an analog value stored at a level of a MCL after the 
programming pulse is applied. The programming and Verify 
ing is repeated over a plurality of iterative steps until the value 
stored at the address is greater than or equal to a threshold 
211. MLC Flash memory is typically written using a series of 
many Small programming pulses whose amplitude and dura 
tion are chosen to minimize the probability of over-program 
ming. A programming pulse used in precise write circuit 205c 
may have a predetermined Voltage and duration that is less 
than the programming pulse used by approximate write cir 
cuit 205b. 

In an embodiment, precise write circuit 205c stores a block 
of data in MLC memory array 202, such as precise blocks 
204a, 204b and 204c. As described herein, precise write 
circuit 205c uses at least one threshold 211, such as a thresh 
old Voltage value or threshold resistance value, to store data as 
a precise value in a MLC memory of a corresponding block of 
data. In an embodiment, multiple thresholds (corresponding 
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10 
to different target ranges of analog values as illustrated in 
FIGS. 4A-B) are used for different cell values in MLC 
memory array 202. In an embodiment, threshold value 211 is 
selected Such that full data-correctness-guarantees are met in 
storing a value in a MLC memory. 

In an embodiment, approximate write circuit 205b and 
precise write circuit 205c may be combined. 

In an embodiment, approximate write operations allow for 
denser cells under fixed energy and/or performance budgets. 

In an embodiment, read circuit 206 includes read control 
circuit 206a, approximate read circuit 206b, and precise read 
circuit 206c. In an alternate embodiment, read circuit 206 
does not include approximate read circuit 206b and reads data 
as a precise value. Approximate read circuit 205c is respon 
sible to read data as an approximate value in an embodiment. 
Approximate read circuit 206b reads a value at a particular 
address in MLC memory array 202 in response to control 
signal received at signal path 216 via interface 200 and out 
puts the data as an approximate data to controller 103 via 
signal paths 216, interface 200 and signal path 104. 

In an embodiment, approximate read circuit 206b reads a 
block of data in multi-cell array 202. Such as approximate 
blocks 203a and 203b, via signal path 214. In alternate 
embodiments, approximate read circuit 206b may read pre 
cise blocks as well as approximate blocks. As described 
herein, approximate read circuit 205cuses at least one thresh 
old value 212, such as a threshold voltage value or threshold 
resistance value, to read data as approximate data in a MLC 
memory. In an embodiment, multiple thresholds (correspond 
ing to different target ranges of analog values) are used for 
different cell values at different levels of a MLC memory in 
multi-cell array 202. In an embodiment, read operations are 
made lower-energy by using read or pulse iterations to deter 
mine the rough vicinity of a value being read, or up to 
approximate target range 520. 

In an embodiment, precise read circuit 206c reads a block 
of data in MLC memory array 202, such as precise blocks 
204a, 204b and 204c., via signal path 214. As described 
herein, precise read circuit 206C uses at least one threshold 
value 213, such as a threshold voltage value or threshold 
resistance value, to read data as a precise value in a MLC 
memory of a corresponding block of data. In an embodiment, 
multiple thresholds (corresponding to different target ranges 
ofanalog values) are used for different cell values at different 
levels of a MLC memory in MLC memory array 202. In an 
embodiment, threshold value 213 is selected as having a 
higher value for a particular level (corresponding to Smaller 
target range of analog values as illustrated in FIGS. 4A-B) 
than threshold value 212. In an embodiment, threshold value 
212 is selected Such that full data-correctness-guarantees are 
met in reading a value in a MLC memory. 

In an embodiment, instead of returning an exact value read, 
approximate read circuit 206b returns data whose value is 
probabilistic following a pre-profiled distribution. For 
example, if a value read falls in an overlap area, such as 
voltage V shown in FIG. 4B, then the data may possibly 
correspond to one of two values with a certain distribution. 
Approximate read circuit 206b returns one or the other two 
values probabilistically according to a relative density of each 
value's probability distribution. In an embodiment, approxi 
mate read circuit 206b includes a look-up table having corre 
sponding probability distributions for pairs of cell values that 
may be used to output one of the possible values. In an 
alternate embodiment, approximate read circuit 206b may 
have a Software component that performs a statistical analysis 
on possible values. 
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FIGS. 6A-C are flow charts for writing and reading 
approximate values in a MLC memory in various embodi 
ments. In embodiments, steps illustrated in FIGS. 6A-C rep 
resent the operation of hardware (e.g., processors, memories, 
cells, circuits), Software (e.g., operating systems, software 
components, applications, drivers, machine/processor 
executable instructions), or a user, singly or in combinations. 
As one of ordinary skill in the art would understand, embodi 
ments may include less or more steps shown. In various 
embodiments, steps illustrated may be completed sequen 
tially, in parallel or in a different order as illustrated. 

In an embodiment, a method illustrated by FIG. 6A illus 
trates an operation of a MLC memory, such a MLC memory 
101. Step 600 illustrates receiving a first signal that represents 
a first digital value to be stored in a multi-level cell. In an 
embodiment, at least interface 200 and/or write control circuit 
205a performs this step. 

Step 601 represents receiving a first signal that indicates a 
first digital value is to be written as an approximate value. In 
an embodiment, at least interface 200 and/or write control 
circuit 205a performs this step. 

Step 602 represents providing at least one programming 
pulse to the multi-level cell until a first sensed analog value 
from the multi-level cell is within a first range of values. In an 
embodiment, approximate write circuit 205b performs this 
step. 

Step 603 represents receiving a second signal that repre 
sents a second digital value to be stored in a multi-level cell. 
In an embodiment, at least interface 200 and/or write control 
circuit 205a performs this step. 

Step 604 represents receiving a second signal that indicates 
the second digital value is to be written as a precise value. In 
an embodiment, at least interface 200 and/or write control 
circuit 205a performs this step. Step 604 represents providing 
at least one programming pulse to the multi-level cell until a 
second sensed analog value from the multi-level cell is within 
a second range of values. The first range of values is wider 
than the second range of values. In an embodiment, precise 
write circuit 205c performs this step. 

In an embodiment, a method illustrated by FIG. 6B illus 
trates an operation of a computing device, such a computing 
device 100. Step 610 represents providing a signal represent 
ing a digital data value and a signal that indicates whether the 
digital data value is to be stored as an approximate value from 
a controller. In an embodiment, controller 103 executing 
approximate memory operations 103a performs this step. 

Step 611 illustrates receiving at an interface of a multi-level 
cell memory the signals. In an embodiment, MLC memory 
101 performs this step, and in particular at least interface 200 
and/or write control circuit 205a of MLC memory 101. 

Step 612 illustrates providing a first plurality of predeter 
mined values (such as first plurality of pulses) to a multi-level 
cell so a first analog value is stored in the multi-level cell. The 
first analog value is in a first range of analog values that 
represents the digital value when the signal indicates the data 
value is to be stored as an approximate value. In an embodi 
ment, MLC memory 101 performs this step, and in particular, 
at least approximate write circuit 205b of MLC memory 101. 

Step 613 illustrates providing a second plurality of prede 
termined values (such as a second plurality of pulses) to a 
multi-level cell so a second analog value is stored in the 
multi-level cell. The second analog value is in a second range 
of analog values that represents the digital value when the 
signal indicates the data value is to be stored as a precise 
value. The first range of analog values is wider than the 
second range of values. In an embodiment, MLC memory 101 
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12 
performs this step, and in particular, at least approximate 
write circuit 205b of MLC memory 101. 

In an embodiment, a method illustrated by FIG. 6C illus 
trates an operation of a controller, such controller 103 execut 
ing approximate memory operations 103a. Step 620 repre 
sents outputting control information to read a precise value at 
a first multi-level cell in an array of multi-level cells. In an 
embodiment, controller 103 outputs the control information 
to MLC memory 101. 

Step 621 illustrates receiving a first digital value corre 
sponding to the precise value from a first multi-level cell. The 
first digital value was obtained by determining whether an 
analog value from the first multi-level cell was between a first 
range of analog values. In an embodiment, controller 103 
receives the first digital value. 

Step 623 illustrates outputting control information to read 
the approximate value at the first multi-level cell in the array 
of multi-level cells. In an embodiment, controller 103 outputs 
the control information to MLC memory 101. 

Step 624 illustrates receiving a second digital value corre 
sponding to the approximate value from the first multi-level 
cell. The second digital value was obtained by determining 
whether an analog value from the second multi-level cell was 
between a second range of analog values. The second range of 
analog values is wider than the first range of analog values. In 
an embodiment, controller 103 receives the second digital 
value. 

These methods may include other steps, actions and/or 
details that are not discussed in these method overviews illus 
trated in FIGS. 6a-C. Other steps, actions and/or details are 
discussed with reference to other figures and may be a part of 
the methods, depending on the implementation. 

In an embodiment, computing device 100 may be, but is 
not limited to, a video game and/or media console. FIG. 7 will 
now be used to describe an exemplary video game and media 
console, or more generally, will be used to describe an exem 
plary gaming and media system 1000 that includes a game 
and media console. The following discussion of FIG. 7 is 
intended to provide a brief, general description of a suitable 
computing device with which concepts presented herein may 
be implemented. It is understood that the system of FIG. 7 is 
by way of example only. In further examples, embodiments 
describe herein may be implemented using a variety of client 
computing devices, either via a browser application or a soft 
ware application resident on and executed by a client com 
puting device. As shown in FIG. 7, a gaming and media 
system 1000 includes a game and media console (hereinafter 
“console') 1002. In general, the console 1002 is one type of 
client computing device. The console 1002 is configured to 
accommodate one or more wireless controllers, as repre 
sented by controllers 1004 and 1004. The console 1002 is 
equipped with an internal hard disk drive and a portable 
media drive 1006 that support various forms of portable stor 
age media, as represented by an optical storage disc 1008. 
Examples of suitable portable storage media include DVD, 
CD-ROM, game discs, and so forth. The console 1002 also 
includes two memory unit card receptacles 1025 and 1025, 
for receiving removable flash-type memory units 1040. A 
command button 1035 on the console 1002 enables and dis 
ables wireless peripheral Support. 
As depicted in FIG. 7, the console 1002 also includes an 

optical port 1030 for communicating wirelessly with one or 
more devices and two USB ports 1010, and 1010, to support 
a wired connection for additional controllers, or other periph 
erals. In some implementations, the number and arrangement 
of additional ports may be modified. A power button 1012 and 
an eject button 1014 are also positioned on the front face of 
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the console 1002. The power button 1012 is selected to apply 
power to the game console, and can also provide access to 
other features and controls, and the eject button 1014 alter 
nately opens and closes the tray of a portable media drive 
1006 to enable insertion and extraction of an optical storage 
disc 1008. 
The console 1002 connects to a television or other display 

(such as display 1050) via A/V interfacing cables 1020. In one 
implementation, the console 1002 is equipped with a dedi 
cated A/V port configured for content-secured digital com 
munication using A/V cables 1020 (e.g., A/V cables suitable 
for coupling to a High Definition Multimedia Interface 
“HDMI port on a high definition display 1050 or other 
display device). A power cable 1022 provides power to the 
game console. The console 1002 may be further configured 
with broadband capabilities, as represented by a cable or 
modem connector 1024 to facilitate access to a network, Such 
as the Internet. The broadband capabilities can also be pro 
vided wirelessly, through a broadband network such as a 
wireless fidelity (Wi-Fi) network. 

Each controller 1004 is coupled to the console 1002 via a 
wired or wireless interface. In the illustrated implementation, 
the controllers 1004 are USB-compatible and are coupled to 
the console 1002 via a wireless or USB port 1010. The con 
sole 1002 may be equipped with any of a wide variety of user 
interaction mechanisms. In an example illustrated in FIG. 7, 
each controller 1004 is equipped with two thumb sticks 1032 
and 1032, a D-pad 1034, buttons 1036, and two triggers 
1038. These controllers are merely representative, and other 
known gaming controllers may be substituted for, or added to, 
those shown in FIG. 7. 

In an embodiment, a user may enter input to console 1002 
by way of gesture, touch or Voice. In an embodiment, optical 
I/O interface 1135 receives and translates gestures of a user. 
In another embodiment, console 1002 includes a natural user 
interface (NUI) to receive and translate voice and gesture 
inputs from a user. In an alternate embodiment, front panel 
Subassembly 1142 includes a touchSurface and a microphone 
for receiving and translating a touch or voice. Such as a voice 
command, of a user. 

In one implementation, a memory unit (MU) 1040 may 
also be inserted into the controller 1004 to provide additional 
and portable storage. Portable MUs enable users to store 
game parameters for use when playing on other consoles. In 
this implementation, each controller is configured to accom 
modate two MUs 1040, although more or less than two MUs 
may also be employed. 
The gaming and media system 1000 is generally config 

ured for playing games (such as video games) stored on a 
memory medium, as well as for downloading and playing 
games, and reproducing pre-recorded music and videos, from 
both electronic and hard media sources. With the different 
storage offerings, titles can be played from the hard disk 
drive, from an optical storage disc (e.g., 1008), from an online 
source, or from MU 1040. Samples of the types of media that 
gaming and media system 1000 is capable of playing include: 
Game titles played from CD and DVD discs, from the hard 

disk drive, or from an online streaming media Source. 
Digital music played from a CD in portable media drive 

1006, from a file on the hard disk drive (e.g., music in a media 
format), or from online streaming media sources. 

Digital audio/video played from a DVD disc in portable 
media drive 1006, from a file on the hard disk drive (e.g., 
Active Streaming Format), or from online streaming sources. 

During operation, the console 1002 is configured to receive 
input from controllers 1004 and display information on the 
display 1050. For example, the console 1002 can display a 
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14 
user interface on the display 1050 to allow a user to select a 
game using the controller 1004 and display state solvability 
information as discussed below. 

FIG. 8 is a functional block diagram of the gaming and 
media system 1000 and shows functional components of the 
gaming and media system 1000 in more detail. The console 
1002 has a CPU 1100, and a memory controller 1102 that 
facilitates processor access to various types of memory, 
including a flash ROM 1104, a RAM 1106, a hard disk drive 
1108, and the portable media drive 1006. In one implemen 
tation, the CPU 1100 includes a level 1 cache 1110 and a level 
2 cache 1112, to temporarily store data and hence reduce the 
number of memory access cycles made to the hard drive 1108, 
thereby improving processing speed and throughput. 
The CPU 1100, the memory controller 1102, and various 

memory devices are interconnected via one or more buses. 
The details of the bus that is used in this implementation are 
not particularly relevant to understanding the Subject matter 
of interest being discussed herein. However, it will be under 
stood that Such a bus might include one or more of serial and 
parallel buses, a memory bus, a peripheral bus, and a proces 
sor or local bus, using any of a variety of bus architectures. By 
way of example, Such architectures can include an Industry 
Standard Architecture (ISA) bus, a Micro Channel Architec 
ture (MCA) bus, an Enhanced ISA (EISA) bus, a Video Elec 
tronics Standards Association (VESA) local bus, and a 
Peripheral Component Interconnects (PCI) bus also known as 
a Mezzanine bus. 

In one implementation, the CPU 1100, the memory con 
troller 1102, the ROM 1104, and the RAM 1106 are inte 
grated onto a common module 1114. In this implementation, 
the ROM 1104 is configured as a flash ROM that is connected 
to the memory controller 1102 via a PCI bus and a ROM bus 
(neither of which are shown). The RAM 1106 is configured as 
multiple Double Data Rate Synchronous Dynamic RAM 
(DDR SDRAM) modules that are independently controlled 
by the memory controller 1102 via separate buses. The hard 
disk drive 1108 and the portable media drive 1006 are shown 
connected to the memory controller 1102 via the PCI bus and 
an ATAttachment (ATA) bus 1116. However, in other imple 
mentations, dedicated data bus structures of different types 
can also be applied in the alternative. 

In an embodiment, RAM 1106 may represent one or more 
processor readable memories. In an embodiment, RAM 1106 
may be a Wide I/O DRAM. Alternatively, memory 402 may 
be Low Power Double Data Rate 3 dynamic random access 
memory (LPDDR3 DRAM) memory (also known as Low 
Power DDR, mobile DDR (MDDR) or mDDR). In an 
embodiment, memory 402 may be a combination of different 
types of memory. 

In embodiments, RAM 1106 includes one or more arrays 
of memory cells in an IC disposed on a semiconductor Sub 
strate. In an embodiment, RAM 1106 is included in an inte 
grated monolithic circuit housed in a separately packaged 
device than CPU 1100. 
RAM 1106 may be replaced with other types of volatile 

memory that include at least dynamic random access memory 
(DRAM), molecular charge-based (ZettaCore) DRAM, float 
ing-body DRAM and static random access memory 
(“SRAM). Particular types of DRAM include double data 
rate SDRAM (“DDR), or later generation SDRAM (e.g., 
“DDRn). 
ROM 1104 may likewise be replaced with other types of 

non-volatile memory including at least types of electrically 
erasable program read-only memory (“EEPROM), FLASH 
(including NAND and NOR FLASH), ONO FLASH, mag 
neto resistive or magnetic RAM (“MRAM), ferroelectric 
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RAM ("FRAM), holographic media, Ovonic/phase change, 
Nano crystals, Nanotube RAM (NRAM-Nantero), MEMS 
scanning probe systems, MEMS cantilever switch, polymer, 
molecular, nano-floating gate and single electron. 

In an embodiment, ROM 1104 and RAM 1106 are replaced 
by MLC memory 101 storing application 107 and operating 
system 106. Similarly, memory controller 1102 and CPU 
1100 are replaced by controller 103 and processor 102 as 
illustrated in FIG. 1. 
A three-dimensional graphics processing unit 1120 and a 

Video encoder 1122 form a video processing pipeline for high 
speed and high resolution (e.g., High Definition) graphics 
processing. Data are carried from the graphics processing unit 
1120 to the video encoder 1122 via a digital video bus. An 
audio processing unit 1124 and an audio codec (coder/de 
coder) 1126 form a corresponding audio processing pipeline 
for multi-channel audio processing of various digital audio 
formats. Audio data are carried between the audio processing 
unit 1124 and the audio codec 1126 via a communication link. 
The video and audio processing pipelines output data to an 
A/V (audio/video) port 1128 for transmission to a television 
or other display. In the illustrated implementation, the video 
and audio processing components 1120-1128 are mounted on 
the module 1114. 

FIG. 8 shows the module 1114 including a USB host con 
troller 1130 and a network interface 1132. The USB host 
controller 1130 is shown in communication with the CPU 
1100 and the memory controller 1102 via a bus (e.g., PCI bus) 
and serves as host for the peripheral controllers 1004-1004. 
The network interface 1132 provides access to a network 
(e.g., Internet, home network, etc.) and may be any of a wide 
variety of various wire or wireless interface components 
including an Ethernet card, a modem, a wireless access card, 
a Bluetooth module, a cable modem, and the like. 

In the implementation depicted in FIG. 8, the console 1002 
includes a controller support subassembly 1140 for support 
ing the four controllers 1004-1004. The controller support 
subassembly 1140 includes any hardware and software com 
ponents to Support wired and wireless operation with an 
external control device. Such as for example, a media and 
game controller. A front panel I/O subassembly 1142 sup 
ports the multiple functionalities of power button 1012, the 
eject button 1014, as well as any LEDs (light emitting diodes) 
or other indicators exposed on the outer Surface of console 
1002. Subassemblies 1140 and 1142 are in communication 
with the module 1114 via one or more cable assemblies 1144. 
In other implementations, the console 1002 can include addi 
tional controller subassemblies. The illustrated implementa 
tion also shows an optical I/O interface 1135 that is config 
ured to send and receive signals that can be communicated to 
the module 1114. 

The MUs 1040 and 1040 are illustrated as being connect 
able to MU ports “A” 1030 and “B” 1030, respectively. 
Additional MUs (e.g., MUs 1040-1040) are illustrated as 
being connectable to the controllers 1004 and 1004, i.e., 
two MUs for each controller. The controllers 1004 and 1004 
can also be configured to receive MUs. Each MU 1040 offers 
additional storage on which games, game parameters, and 
other data may be stored. In some implementations, the other 
data can include any of a digital game component, an execut 
able gaming application, an instruction set for expanding a 
gaming application, and a media file. When inserted into the 
console 1002 or a controller, the memory controller 1102 can 
access the MU 1040. 
A system power supply module 1150 provides power to the 

components of the gaming system 1000. A fan 1152 cools the 
circuitry within the console 1002. 
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An application 1160 comprising processor readable 

instructions is stored on the hard disk drive 1108. When the 
console 1002 is powered on, various portions of the applica 
tion 1160 are loaded into RAM 1106, and/or caches 1110 and 
1112, for execution on the CPU 1100, wherein the application 
1160 is one such example. Various applications can be stored 
on the hard disk drive 1108 for execution on CPU 1100. 
The console 1002 is also shown as including a communi 

cation subsystem 1170 configured to communicatively 
couple the console 1002 with one or more other computing 
devices (e.g., other consoles). The communication Subsystem 
1170 may include wired and/or wireless communication 
devices compatible with one or more different communica 
tion protocols. As non-limiting examples, the communication 
subsystem 1170 may be configured for communication via a 
wireless telephone network, or a wired or wireless local- or 
wide-area network. In some embodiments, the communica 
tion subsystem 1170 may allow the console 1002 to send 
and/or receive messages to and/or from other devices via a 
network Such as the Internet. In specific embodiments, the 
communication Subsystem 1170 can be used to communicate 
with a coordinator and/or other computing devices, for send 
ing download requests, and for effecting downloading and 
uploading of digital content. More generally, the communi 
cation subsystem 1170 can enable the console 1002 to par 
ticipate on peer-to-peer communications. 
The gaming and media system 1000 may be operated as a 

standalone system by simply connecting the system to dis 
play 1050 (FIG. 7), a television, a video projector, or other 
display device. In this standalone mode, the gaming and 
media system 1000 enables one or more players to play 
games, or enjoy digital media, e.g., by watching movies, or 
listening to music. However, with the integration of broad 
band connectivity made available through network interface 
1132, or more generally the communication subsystem 1170, 
the gaming and media system 1000 may further be operated 
as a participant in a larger network gaming community, Such 
as a peer-to-peer network. 
The above described console 1002 is just one example of 

the computing device 100 discussed above with reference to 
FIG. 1 and various other Figures. As was explained above, 
there are various other types of computing devices with which 
embodiments described herein can be used. 

FIG.9 is a block diagram of one embodiment of a comput 
ing device 100 which may host at least some of the software 
components illustrated in FIG. 1. In its most basic configu 
ration, computing device 1800 typically includes one or more 
processing units 1802 including one or more CPUs and one or 
more GPUs. Depending on the exact configuration and type 
of computing device, system memory 1804 may include Vola 
tile memory 1805 (such as RAM), non-volatile memory 1807 
(such as ROM, flash memory, etc.) or some combination of 
the two. Computing device 1800 also includes system 
memory 1804 that may be replaced by MLC memory 101 as 
illustrated in FIG. 1. This most basic configuration is illus 
trated in FIG. 9 by dashed line 1806. Additionally, device 
1800 may also have additional features/functionality. For 
example, device 1800 may also include additional storage 
(removable and/or non-removable) including, but not limited 
to, magnetic or optical discs or tape. Such additional storage 
is illustrated in FIG. 9 by removable storage 1808 and non 
removable storage 1810. 

Device 1800 may also contain communications connec 
tion(s) 1812 such as one or more network interfaces and 
transceivers that allow the device to communicate with other 
devices. Device 1800 may also have input device(s) 1814 
Such as keyboard, mouse, pen, voice input device, touch input 
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device, gesture input device, etc. Output device(s) 1816 such 
as a display, speakers, printer, etc. may also be included. 
These devices are well known in the art so they are not 
discussed at length here. 

In an embodiment, device 1800 is a cellular telephone that 
executes an application 107. Such as an application that ana 
lyzes and/or receives sensor data, including for example, 
global positioning system (GPS) sensor data and/or acceler 
ometer data from sensors positioned on the cellular tele 
phone. In an embodiment, such sensor data may be stored as 
approximate data. 
The foregoing detailed description of the inventive system 

has been presented for purposes of illustration and descrip 
tion. It is not intended to be exhaustive or to limit the inventive 
system to the precise form disclosed. Many modifications and 
variations are possible in light of the above teaching. The 
described embodiments were chosen in order to best explain 
the principles of the inventive system and its practical appli 
cation to thereby enable others skilled in the art to best utilize 
the inventive system in various embodiments and with vari 
ous modifications as are Suited to the particular use contem 
plated. It is intended that the scope of the inventive system be 
defined by the claims appended hereto. 

What is claimed is: 
1. A method to store an approximate value in a multi-level 

cell, the method comprising: 
receiving a first signal that represents a first digital value to 
be stored in the multi-level cell; 

receiving a first signal that indicates the first digital value is 
to be written as the approximate value in the multi-level 
cell; 

providing at least one programming pulse to the multi-level 
cell until a first sensed analog value from the multi-level 
cell is within a first range of values; 

receiving a second signal that represents a second digital 
value to be stored in the multi-level cell; 

receiving a second signal that indicates the second digital 
value is to be written as a precise value in the multi-level 
cell; and 

providing at least one programming pulse to the multi-level 
cell until a second sensed analog value from the multi 
level cell is within a second range of values, 

wherein the first range of values is wider than a second 
range of values. 

2. The method of claim 1, wherein the providing at least 
one programming pulse to the multi-level cell until the first 
sensed analog value from the multi-level cell is within the first 
range of values includes providing a first plurality of pro 
gramming pulses, wherein the first plurality of programming 
pulses are less than a second plurality of programming pulses 
used to store the second digital data value as the precise value. 

3. The method of claim 1, wherein the providing at least 
one programming pulse to the multi-level cell until the first 
sensed analog value from the multi-level cell is within the first 
range of values includes providing a programming pulse that 
has a longer duration than a programming pulse used to store 
the second digital data value as the precise value. 

4. The method of claim 1, wherein the providing at least 
one programming pulse to the multi-level cell until the first 
sensed analog value from the multi-level cell is within the first 
range of values includes comparing the first sensed analog 
value from the multi-level cell after each programming pulse 
to a threshold value in order to determine whether the first 
sensed analog value is in the first range of values. 

5. The method of claim 1, wherein the first sensed analog 
value is a Voltage value. 
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6. The method of claim 1, wherein the first sensed analog 

value is a resistance value. 
7. The method of claim 1, wherein receiving the first signal 

that represents the first digital value to be stored in the multi 
level cell and receiving the first signal that indicates the first 
digital value is to be written as the approximate value is 
received from a memory controller. 

8. The method of claim 1, wherein the providing at least 
one programming pulse to the multi-level cell until the first 
sensed analog value from the multi-level cell is within the first 
range of values includes providing at least one programming 
pulse to a row of multi-level cells that includes the multi-level 
cell, and wherein the providing at least one programming 
pulse to the multi-level cell until a second sensed analog value 
from the multi-level cell is within a second range of values 
includes providing at least one programming pulse to the row 
of multi-level cells that includes the multi-level cell. 

9. An apparatus comprising: 
at least one controller to provide a signal representing a 

digital data value and a signal that indicates whether the 
digital data value is to be stored as an approximate value; 
and 

at least one multi-level cell memory including: 
an interface to receive the signal representing the digital 

data value and the signal that indicates whether the 
digital data value is to be stored as the approximate 
value; 

an array of multi-level cells having a multi-level cell; 
and 

a write circuit to provide a first plurality of predeter 
mined values to the multi-level cell so a first analog 
value is stored in the multi-level cell that is in a first 
range of analog values that represents the digital data 
value when the signal indicates the data value is to be 
stored as the approximate value, 

wherein the write circuit provides a second plurality of 
predetermined values to the multi-level cell so a sec 
ond analog value is stored in the multi-level cell that 
represents the digital data value that is in a second 
range of analog values when the signal indicates the 
data is to not be stored as the approximate value, 

wherein the first range of analog values is wider than the 
second range of analog values. 

10. The apparatus of claim 9, wherein the multi-level cell 
stores at least two data values and the apparatus includes a 
console to provide a video game. 

11. The apparatus of claim 9, wherein the multi-level cell is 
selected from one of a multi-level flash memory and multi 
level phase change memory. 

12. The apparatus of claim 11, wherein the first plurality of 
predetermined values includes a first plurality of program 
ming pulses having a first voltage value, 

wherein the second plurality of predetermined values 
includes a second plurality of programming Voltages 
having a second Voltage value, and 

wherein the first voltage value is greater than the second 
Voltage value. 

13. The apparatus of claim 12, wherein first range of analog 
values represents a larger number of possible analog values 
than the second range of analog values. 

14. The apparatus of claim 13, the at least one multi-level 
cell memory further includes a read circuit to read the first 
analog value from the multi-level cell in response to control 
information that indicates a read operation from the at least 
one controller. 
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15. The apparatus of claim 9, wherein when the signal 
indicates the data is to not be stored as the approximate value 
includes an indication that the data is to be stored as a precise 
value. 

16. At least one processor readable memory having pro 
cessor readable instructions encoded thereon which when 
executed by the at least one processor performs a method to 
read an approximate value and a precise value in an array of 
multi-level cells, the method comprising: 

outputting control information to read the precise value at 
a first multi-level cell in the array of multi-level cells; 

receiving a first digital value corresponding to the precise 
value from the first multi-level cell, wherein the first 
digital value was obtained by determining whether an 
analog value from the first multi-level cell was between 
a first range of analog values; 

outputting control information to read the approximate 
value from the first multi-level cell in the array of multi 
level cells; and 

receiving a second digital value corresponding to the 
approximate value, wherein the second digital value was 
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obtained by determining whether an analog signal from 
the first multi-level cell was between a second range of 
analog values, 

wherein the second range of analog values is wider than the 
first range of analog values. 

17. The at least one processor readable memory of claim 
16, wherein second digital value was obtained by having few 
read iterations at the second multi-level cell. 

18. The at least one processor readable memory of claim 
16, wherein the first multi-level cell is selected from one of a 
multi-level cell flash memory and multi-level cell phase 
change memory. 

19. The at least one processor readable memory of claim 
18, wherein the second range of analog values corresponds to 
a target range of analog values that includes values that cor 
respond to at least two possible digital values. 

20. The at least one processor readable memory of claim 
19, the method further comprising analyzing a relative den 
sity of a probability distribution of the at least two possible 

20 values to select as the second digital value. 
k k k k k 


